Localisation of the sites of action of cadmium on oxidative phosphorylation in potato tuber mitochondria using top-down elasticity analysis.
The aim of this study was to identify the significant sites of action of cadmium on oxidative phosphorylation in potato tuber mitocondria. We simplified the system to three convenient subsystems linked via the production or consumption of a common intermediate, namely protonmotive force. The three subsystems were substrate oxidation, which produces protonmotive force, and the proton leak reactions and the phosphorylation reactions, which consume protonmotive force. By measuring the effect of cadmium on the kinetic response of each subsystem to protonmotive force (top-down elasticity analysis), we found that cadmium stimulated proton leak reactions and strongly inhibited substrate oxidation, but had no measurable effect on the phosphorylation reactions. Cadmium therefore decreases the amount of ATP produced/oxygen consumed (the effective P/O ratio) not by inhibiting the phosphorylation reactions directly, but by inhibiting the production of protonmotive force and by diverting proton flux from phosphorylation reactions to the proton leak reactions.